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摘要 
I 
 
摘要 
骨条藻（Skeletonema）是一类广泛分布于沿海水域的浮游硅藻，也是常见的
赤潮生物。目前，对于整个中国沿海骨条藻的分类和分子生物学方面的研究，比
较分散，还不能很好地回答我国沿海骨条藻的种类多样性和遗传多样性的问题。
因此，本文选择我国沿海的代表性海区，进行周年采样，对分离培养的纯种株系，
选择核糖体LSU nrDNA和ITS片段（5.8S rDNA及转录间隔区ITS1、ITS2）对其
进行遗传多样性及系统进化分析，旨在从分子生物学方面分析我国沿海骨条藻属
的种内、种间和地理株系间的差异，以及系统进化关系，探讨我国沿海骨条藻属
的遗传多样性。主要研究结果如下： 
1.从大连、青岛、宁波、福建、深圳、香港、海口等 15 个采样地的沿岸水
样中共分离到 126 株骨条藻，结合形态学特征及分子生物学信息，共鉴定出 8
个骨条藻种类：中肋骨条藻 Skeletonema costatum，玛氏骨条藻 S. marinoi，热带
骨条藻 S. tropicum，拟中肋骨条藻 S. pseudocostatum，曼氏骨条藻 S. menzelii，
亚当斯骨条藻 S. ardens，桂氏骨条藻 S. grevillei和多恩骨条藻 S. dohrnii。 
2.对以上获得的骨条藻株系分析其基于 LSU nrDNA的遗传多样性。结果表
明，总体上，除玛氏骨条藻和多恩骨条藻种间不易区分外，其他 6种骨条藻种间
差异明显。在 8种骨条藻中，其中有 5种发现存在种内遗传差异；中肋骨条藻、
热带骨条藻、亚当斯骨条藻、拟中肋骨条藻和多恩骨条藻的株系间产生了地理遗
传差异，其他 3种骨条藻未发现有明显的地理差异。 
3.分离自相同海域的同种骨条藻，没有明显的种内差异；同一海域不同采样
时间分离到的同种株系间，也没有出现明显差异。 
4.LSU nrDNA 系统进化分析表明，该进化树能将曼氏骨条藻、拟中肋骨条
藻、热带骨条藻、亚当斯骨条藻、桂氏骨条藻和中肋骨条藻等 6种骨条藻很好的
区分开，但不能将多恩骨条藻和玛氏骨条藻区分开。进化树结果表明，8种骨条
藻可归为 4个进化支，其中，多恩骨条藻和玛氏骨条藻构成 Clade A，曼氏骨条
藻、日本骨条藻、格里斯骨条藻、拟中肋骨条藻和热带骨条藻共同构成一个大的
进化支，即 Clade B，亚当斯骨条藻和桂氏骨条藻聚成 Clade C，敏盐骨条藻和中
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肋骨条藻构成 Clade D。 
5.对分离到的株系进行基于ITS片段（5.8S rDNA及转录间隔区ITS1、ITS2）
进行遗传多样性分析。结果表明，ITS序列比对后长度为650bp，含有561个变异
位点，428个简约信息位点，说明ITS序列的变异性较大。玛氏骨条藻、多恩骨条
藻和中肋骨条藻的种内遗传差异较大，其他种类不明显；8个种的种间差异明显。 
6.基于ITS序列的系统进化分析结果表明，该进化树将获得的株系明显分为8
种骨条藻，特异性较强。其中，玛氏骨条藻和多恩骨条藻聚成Clade A，桂氏骨
条藻、曼氏骨条藻和中肋骨条藻聚成Clade B，拟中肋骨条藻和热带骨条藻构成
Clade C，亚当斯骨条藻单独构成Clade D。 
7.综合形态学及 LSU nrDNA、ITS的系统发育结果，我们认为，在这 8种骨
条藻中，多恩骨条藻和玛氏骨条藻、拟中肋骨条藻和热带骨条藻的进化关系较近，
而其他 4种骨条藻之间的进化关系还需进一步的研究。 
 
关键词：骨条藻；遗传多样性；LSU nrDNA；ITS；系统发育
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ABSTRACT 
Skeletonema is a worldwide distributed planktonic diatom in coastal water which 
is also a common red-tide organism. There have been few studies on taxonomy and 
molecular biology of Skeletonema in the China sea, and that the species and genetic 
diversity of Skeletonema in China sea keeps poorly known. Therefore, water samples 
were sampled seasonly at the typical waters of China coastal during 2013 to 2014. 
Skeletonema strains were isolated and cultivated in the laboratory. The LSU nrDNA 
and ITS were used as DNA marker for genetic diversity analysis and phylogenetic 
studies. The main purposes of this study is to analyze the intraspecies and interspecies 
differences and geographical genetic difference of Skeletonema, and its phylogenetic 
relationship. The main results are shown as follows: 
1)126 strains of Skeletonema were isolated from 15 sampling sites, including 
Dalian, Qingdao, Ningbo, Fujian, Shenzhen, HongKong and Haikou. According to the 
morphological charaters and DNA sequence information, eight species were identified: 
Skeletonema costatum, S.marinoi, S.tropicum, S.pseudocostatum, S.menzelii, S. 
ardens, S.grevillei, and S.dohrnii。 
2)The genetic diversity of eight Skeletonema species were analyzed based on the 
LSU nrDNA sequences. Results showd that: As a whole, Except that S. marinoi and S. 
dohrnii were difficult to divide, the interspecies differences of other 6 species were 
significant. There are interspecies differences in five of eight Skeletonema species; 
there are geographical genetic differences in S.costatum, S.tropicum, S.ardens, 
S.pseudocostatum and S.dohrnii, but there are not in other 3 species.  
3)There is no distinct intraspecies difference among the strains of one species 
isolated from the same water area; and the strains isolated from the same water area at 
different months or seasons also have no obvious difference.  
4) The phylogenetic tree based on LSU nrDNA indicated that: 6 species can be 
well distinguished by LSU nrDNA except S. marinoi and S. dohrnii. S. marinoi and S. 
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dohrnii formed Clade A, but the two species cannot be distinguishied. The Clade B 
contained S.ardens, S.tropicum, S.menzelii, S.pseudocostatum, S.japonicum and S. 
grethae. S.ardens and S.grevillei formed Clade C, and Clade D covered S. costatum 
and S. subsalsum. 
5) The genetic diversity of eight Skeletonema species were also analyzed based 
on the ITS sequences. Results showd that the length of ITS sequences after aligned is 
650bp which contains 561 varible sites and 428 parsim-infomative sites, which 
indicated that the ITS gene is more variable. The intraspecies differences of S. 
marinoi , S.dohrnii and S.costatum are more distinct, but other six species are not. The 
interspecies difference of eight species are significant.  
6)The phylogenetic tree based on ITS sequence indicated that the strains can be 
divided into 8 species obviously. S.marinoi and S.dohrnii formed Clade A, S. 
grevillei , S.menzelii and S.costatum formed Clade B. S. tropicum and S. 
pseudocostatum formed Clade C. Clade D only covered S. ardens. 
7)Combined morphology with phylogenetic result based on LSU nrDNA and 
ITS, we consider that, in 8 species of Skeletonema, the phylogenetic relationships 
between S.dohrnii and S.marinoi, between S.pseudocostatum and S.tropicum are close, 
but that of other 4 species are needed further study. 
 
Key words: Skeletonema; genetic diversity; LSU nrDNA; ITS; phylogenesis 
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第一章 前言 
1.1骨条藻属概述 
骨条藻属（Skeletonema Greville）是一类在全球近岸海域广泛分布的广温广
盐型浮游硅藻[1]，是海洋和河口浮游植物的重要组成部分。骨条藻既可作为饵料，
也是一种常见的赤潮生物。赤潮会对海洋生态系统及海洋养殖经济动物造成严重
危害，因此，骨条藻一直以来都受到研究者的广泛关注。 
骨条藻属隶属于硅藻门 Bacillariophyta，中心纲 Centricae，海链藻科
Thalassiosiraceae。骨条藻属的主要特征是：在光学显微镜下，细胞呈透镜形、圆
柱形至球形，色素体 1～10个；壳缘有一圈细刺，与相邻细胞的对应刺相接，组
成直的长链，单个生活或呈 8个以下或 50个细胞以上的长短不同的链状群体；
在电子显微镜下，相邻细胞依靠壳面边缘一圈支持突的延伸外管相互连接而成链
状群体，相邻细胞间的距离（即支持突的长度）长短不一，有的很短（几乎看不
出距离），有的则长于细胞的贯壳轴，细胞壳面有一环壳缘支持突，其数目变化
范围很大，约 8-30 个；具有 1 个唇形突，位于壳面边缘或壳面近中央处；壳面
分布放射状肋纹，具有中央环状结构[2-4]。 
除了江河骨条藻，其他骨条藻种类都是海洋种。敏盐骨条藻主要分布在咸水
和半咸水中，偶尔出现在淡水中[5, 6]；江河骨条藻的记录主要是在淡水中，偶有
半咸水[7]。目前格里斯骨条藻只是在美国沿岸发现，而其他骨条藻都是广泛分布
的物种，只是地理分布范围有所不同；多恩骨条藻在温带地区广泛分布，但是在
低纬度地区的冬季以及海洋上升流地区也有发现[8]。  
1.2 骨条藻种类多样性 
在1973年，Hasle曾写到：“对大多数浮游生物学家来说，Skeletonema就是中
肋骨条藻Skeletonema costatum的同义词[9]。”这反映了早期对骨条藻种类认识的
真实情况。以前受技术和对骨条藻认识的限制，绝大多数研究者都把骨条藻归为
中肋骨条藻，但随着技术的发展和研究的深入，各国学者对骨条藻开始进行重新
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